Background: The objectives were to determine the dose-limiting toxicity of topotecan in combination with cisplatin, to describe the principal toxicities, and to define the maximallytolerated doses of the drugs in previously untreated patients with advanced non-small-cell lung carcinoma.
Introduction
Topotecan (TPT; 9-dimethylaminomethyl-10-hydroxycamptothecin), a semi-synthetic water-soluble analog of camptothecin [1, 2] , reversibly inhibits topoisomerase I, a cellular enzyme that is involved in maintaining the topology of DNA [3] . Treatment with camptothecin analogs results in the formation of topoisomerase I-DNA adducts that collide with the advancing DNA replication forks during DNA synthesis [4] , thereby producing irreversible DNA double-strand breaks [5] and eventually inducing cell death [6] . Although the precise mechanisms of TPT's cytotoxicity remain unclear, this drug has demonstrated considerable activity against human cancer as a single agent both in mice bearing human tumor xenografts [7] and in a human tumor cloning assay [8] .
The ability of camptothecin analogs to form reversible topoisomerase I-DNA complexes suggests that TPT might possibly interfere with processes involved in the formation and repair of DNA lesions induced by several alkylating agents such as cisplatin [9] [10] [11] [12] . Although recent results indicate that both the cancer cell type and the schedule of administration of TPT and cisplatin are essential for determining their cytotoxic effects, the combination has demonstrated synergistic activity in a number of cancer cell lines and human tumor xenografts [9, 10, 12, 13] . This warranted further clinical investigations in malignancies, such as non-small-cell lung carcinomas, in which both TPT and cisplatin are highly effective.
Previous reports have indicated that TPT has manageable toxicity and prominent clinical anticancer activity alone when administered as a 30-minute infusion daily for five days every three weeks [14] [15] [16] . In combination with several classical anticancer agents, cisplatin at a dose of 75 mg/m 2 every three weeks is a major drug in the treatment of non-small-cell lung carcinoma. When this study was initiated, results of preclinical studies showed that both drugs could be combined safely at near their maximum tolerated dose (MTD) in mice. Therefore, we initiated a phase I trial to determine the MTD and to describe the toxicity of TPT as a 30-minute infusion daily for five days in combination with a fixeddose of 75 mg/m 2 cisplatin, every three weeks, in previously untreated patients with non-small-cell lung carcinomas.
Patients and methods

Eligibility
Patients with histologically-documented stage III or IV non-small-cell lung carcinoma, who were not amenable to local radiation therapy or surgery, were candidates for this study. Eligibility criteria also included: 1) age 5 18 years; 2) a Zubrod/WHO performance status ^2 (capable of self-care); 3) a life-expectancy & 3 months (enabling the completion of at least two courses of treatment); 4) no prior chemotherapy; 5) no surgery within two weeks or radiotherapy and/or biologic therapy within four weeks of entering onto protocol; 6) adequate hematopoietic (WBC count >4,000/u], absolute neutrophil count (ANQ > 1,500/nl, hemoglobin >9.0 g/dl, and platelet count > 100,000/ul), hepatic (total bilinibin ^ 2.0 mg/dl; SGOT $ 2 times the upper limit of normal (ULN) or $3 times ULN in the presence of liver metastases, or alkaline phosphatase < 2 times ULN or < 5 times ULN with liver or bony metastases), and renal (serum creatinine s£ 1.5 mg/dl and a creatinine clearance estimated using the Cockcroft equation with correction for body surface area >60 ml/min) functions; 7) no concurrent medical problem unrelated to the malignancy and/or no coexisting infection which would significantly limit compliance with the study or expose the patient to undue risk; and 8) no brain or leptomeningeal metastases. Before treatment, all patients gave written informed consent, according to federal and institutional guidelines.
Treatment
This phase I study was designed to evaluate the feasibility of administered a clinically-relevant fixed dose of cisplatin, 75 mg/m 2 as an 1 mg/ min intravenous infusion on day 1, with escalating doses of TPT starting at a dose of 0.75 mg/m 2 administered as a 30-minute infusion daily for five consecutive days every three weeks. This starting dose of TPT was selected because it was associated with minimal toxicity when TPT was administered as a single agent [7, 15] . All patients were admitted for hydration which consisted of 2 liters of 5% dextrose normal saline solution infused over 12 hours. Prior to cisplatin, TPT was administered intravenously over 30 min. Ninety minutes later, cisplatin was administered as a 1 mg/min infusion, preceded by intravenous dexamethasone 20 mg and ondansetron 32 mg for prophylaxis of nausea and vomiting. Following cisplatin, hydration was continued and ondansetron was repeated at a dose of 8 mg orally every eight hours if necessary. On days 2-5, TPT was administered in the outpatient clinic. The treatment course was repeated as long as there was no evidence of tumor progression and the following criteria were met: 1) ANC >l,500/ul, 2) platelets 5* 100,000/ul, 3) hemoglobin > 9.0 g/dl, and 4) toxicity resolved.
TPT was provided by SmithKJine Beecham (Conshohocken, PA) in vials containing 5 mg of lyophihzed drug as light yellow cake. The vials were stored at 5°C in the dark. The lyophilized formulation was reconstituted with 2 ml of sterile water prior to dilution. The mixture was finally diluted with 5% dextrose for injection to obtain concentrations between 20-100 ng/ml.
Pretreatment and follow-up studies
Histories and physical examinations were performed pretreatment and weekly. Laboratory studies were performed pretreatment and weekly. Routine laboratory studies included a complete blood cell count with a differential WBC, platelet count, chemistries (electrolytes, BUN, creatinine, glucose, total protein, albumin, calcium, phosphate, magnesium, uric acid, alkaline phosphatase, total bilirubin, SGOT, SGPT), and urinalysis. When a patient experienced grade 3 and 4 neutropenia, the determination of hematologic parameters was recommended daily until the recovery of an ANC > 1,500/ul and a platelet count > 100,000/ul. The creatinine clearance was recalculated once weekly using the Crockroft-Gault equation. An electrocardiogram was obtained pretreatment and before each course. Audiometnc analysis was obtained pretreatment. Formal tumor measurements were performed after two courses, and patients were able to continue treatment if they did not develop progressive disease. A complete response was defined as the disappearance of all active disease on two measurements separated by a minimum period of three weeks. A partial response required a 50% or greater reduction in the sum of the product of the bidimensional measurements of all measurable lesions documented by two measurements separated by at least three weeks. Disease progression was defined as greater than a 25% increase in the sum of the products of measurable lesions, appearance of any new tumor lesions, or reappearance of lesions.
Procedure for dose escalation
Patients were treated at each dose level and observed for toxic manifestations for at least three weeks before additional patients were treated. Toxicity was graded using the NCI Common Toxicity Criteria. Dose limiting-toxicity (DLT) was defined as: 1) grade 4 neutropenia (ANC < 500/ml) lasting > five days or associated with fever requiring hospitalization for parenteral antibiotics, 2) grade 4 thrombocytopenia, and 3) grade 3 non-hematological toxicity, excluding nausea/ vomiting or limited maculopapular rash. Dose escalation proceeded according to the following schema. If one of the initial three patients treated at any dose level experienced DLT, then a maximum of three additional patients were treated at that dose. If no further instances of DLT occurred in the three additional patients, TPT dose escalation resumed. If two new patients experienced DLT, then no further dose escalation was performed. The recommended phase II dose was defined as the highest dose at which less than two of six patients experienced DLT. Intraindividual dose escalation was permitted, if patients experienced no toxicity during their first two courses. TPT doses were reduced by one level in patients experiencing DLT according to the following decremental dose levels: 1.0, 0.75, 0.60, and 0.50 mg/m 2 /day.
Results
Patient characteristics
Fifteen patients with non-small-cell lung cancer received a total of 37 courses at planned dose levels of TPT and cisplatin. Relevant patient characteristics are listed in Table 1 . Thirty-seven courses were evaluable, and 14 patients were assessable for toxicity (one patient died of rapid progressive disease early during the first course of chemotherapy and was not evaluable for toxicity). The median number of courses administered per patient was three (range 1-8).
Only one episode of hematologic dose-limiting toxicity was initially observed in the first six patients enrolled in the first dose level. Four patients were therefore enrolled in the second dose level. One of them, experienced an unexpected rapid progression of his malignancy and was not fully evaluable for toxicity. The three subsequent patients entered in the second dose level experienced hematologic dose limiting toxicity and, therefore, no further dose escalation was performed. To ascertain whether there was cumulative toxicity after repeated doses of the topotecan/cisplatin combination at the first dose level, additional patients were subsequently enrolled. The study was terminated due to the occurrence with time of dose-limiting toxicity in six among 11 patients enrolled in the fist dose level.
Hematologic toxicity observed at planned dose levels
Neutropenia and thrombocytopenia were the principal DLTs of TPT and cisplatin on this schedule of administration ( Table 2 ). All 11 patients treated at the first topotecan/cisplatin dose level of 0.75/75 mg/m 2 , experienced at least one episode of grade 4 neutropenia. For six patients, absolute neutrophil counts were below 500/ml for longer than five days, and two of them developed a grade 4 thrombocytopenia. One patient experienced a grade 3 fever associated with an ANC of 210/mm 3 on day 13 of his fourth course of chemotherapy which required the injection of parenteral antibiotics for six days. Two patients also developed grade 3 anemia.
Of 33 total courses at this dose level, 23 (70%) were associated with grade 4 neutropenia and ANC < 500 /ml for longer than five days occurred during 13 courses (39%). Grade 4 thrombocytopenia was observed in two courses. The nadir of neutropenia (ANC < 500/mm 3 ) typically occurred on day 16 (range 10-18). The nadir of platelet count (platelet count < 50,000/ mm 3 ) typically occurred on day 14 (range 8-17). Anemia was mild and infrequent, with a total of only six episodes (11%) of grade 3 anemia registered at the end of thejstudy at the first dose level.
Four patients were treated with TPT/cisplatin at doses of 1.0/75 mg/m 2 . One patient died 13 days after the first course of chemotherapy due to unexpected progression of lung metastases and was not fully evaluable for toxicity. Three subsequent patients experienced grade 4 neutropenia lasting more than five days including one patient who expired due to pseudomonas aeruginosa sepsis associated with grade 3 thrombocytopenia, grade 3 diarrhea, grade 2 hypotension, and grade 2 hypokalemia by day 11 after the first course of therapy. At this dose level, the dose-limiting neutropenia typically occurred on day 10 (range 8-11). Two patients treated at this dose level experienced a concomitant grade 4 thrombocytopenia on day 12 of treatment. Since all the patients experienced a DLT, no further dose escalation was performed.
Hematologic toxicity observed at reduced dose levels
Four patients received a total of 11 courses of the TPT/ cisplatin combination at reduced doses of 0.60/75 mg/m 2 due to prior hematological toxicity at higher dose levels. All of them (eight of 11 courses) experienced at least one episode of grade 4 neutropenia associated with grade 4 thrombocytopenia, and two patients subsequently required TPT dose reductions to 0.5 mg/m 2 .
Non-hematologic toxicity
Non-hematologic toxicity was infrequent and mild to moderate. Discussion TPT, a water-soluble analogue of camptothecin, exhibited a broad antitumor activity in a variety of human cancer models in preclinical studies [7, 8] . In phase I trials, repeated and continuous injection of single agent TPT showed that its DLT was myelosuppression [17] . When single agent TPT was given as a 30-minute infusion daily for five days every three weeks, the DLT was primarily neutropenia of brief duration and the recommended starting dose for future phase II trials in pretreated patients was 1.5 mg/m 2 [15, 16, 18] . With this schedule, non-hematologic toxicity (including alopecia, skin rash, diarrhea and vomiting) occurred infrequently and was mild to moderate in severity and manageable. Unlike camptothecin, TPT did not induce hemorrhagic cystitis. Pharmacokinetic analysis showed that TPT plasma disposition followed a biexponential model with renal elimination accounting for 38.7% [15, 19] . A further phase I and pharmacokinetic analysis showed that systemic plasma clearance of total TPT was significantly reduced in patients with moderate renal impairment defined as a creatinine clearance ranging between 20-39 ml/min [20] . In this recent study, the recommended starting dose of single-agent TPT in patients with renal impairment was 0.75 mg/m 2 daily for five days every three weeks and the authors suggested that extensively pretreated patients might require further dose reductions.
Synergistic or additive effects with cisplatin and other alkylating agents were obtained in several preclinical cancer models, including non-small-cell lung carcinoma, and suggested that TPT-based combinations might improve the chemotherapy in patients [9] [10] [11] [12] [13] 21] . One of the most likely mechanisms for synergistic or additive effects might be related to the interaction between the cleavable complexes formed by topoisomerase I-inhibitors and the DNA repair mechanism induced by exposure to alkylating drugs [21, 22] . Conversely, alkylating agents might interact with poly-(ADP-ribose) polymerase which plays a major role in conferring resistance to topoisomerase I-inhibitors [23, 24] . Therefore, the common broad spectrum of activity, the positive interactions against cellular DNA in tumor cells, and the non-overlapping toxicities of cisplatin and TPT made the combination attractive for future clinical trials. This prompted us to initiate a phase I trial to determine the toxicological profile and the MTD of TPT given as 30-minute infusion daily for five days in combination with a fixeddose of 75 mg/m 2 cisplatin in untreated patients with non-small-cell lung carcinomas. In our study, the first dose level of 0.75/75 mg/m 2 TPT/cisplatin was associated with intolerable myelosuppression, and, therefore, the dose levels evaluated in this study cannot be recommended for subsequent phase II investigations. In patients who received reduced doses of 0.6/75 mg/m 2 TPT/ cisplatin, severe myelosuppression remained a major toxicity, suggesting that further dose reduction of TPT may be necessary to reach recommendable doses for future phase II study. Mild and infrequent non-hematologic toxicities included nausea/vomiting, alopecia, and anemia and did not seem to increase in frequency and intensity as compared to the toxicities of TPT and cisplatin administered as single agents. Similar results were previously reported in a phase I trial conducted by the Cancer and Leukemia Group B (CALGB) in patients with advanced solid tumors [18] . The CALGB schedule combined fixed doses of 1.0 mg/m 2 TPT daily for five days with escalated doses of cisplatin from a starting dose of 25 mg/m 2 on day 1 every three weeks. In the CALGB study, neutropenia was also the DLT. The recommended doses of TPT/cisplatin with this schedule were 1.0/50 mg/m 2 without fUgrastim or 1.0/75 mg/m 2 with filgrastim support and were associated with a grade 3^ neutropenia in 83% (15 of 18 cycles) and 93% (13 of 14 cycles) of courses, respectively. Using those recommended doses, a subsequent phase II study was initiated by the same group in previously untreated patients with advanced small-cell lung carcinoma [25] . Among 12 patients treated with TPT/cisplatin, five lethal sepsis were observed. In our study, a similar attempt to reach the TPT/cisplatin dose level of 1.0/75 mg/m 2 without filgrastim led to dose-limiting neutropenia in all of the patients and to one toxic death due to a severe sepsis. This suggests that the combination of 1.0/75 mg/m 2 TPT/cisplatin, with and without filgrastim, may be impossible to manage in open phase II trials for patients previously treated with chemotherapy and /or with poor performance status who frequently develop infections (such as patients with non-small-cell lung carcinomas).
The importance of the sequence dependency of TPT and cisplatin has been recently investigated by Rowinsky et al. in a phase I study [26] . In this study, TPT was administered as a 30-minute infusion daily for five days and cisplatin was given either before TPT on day 1 or after TPT on day 5. The authors' recommended doses for phase II studies were 50 mg/m 2 cisplatin followed by 0.75 mg/m 2 TPT. However, this study emphasized that those doses should be limited to minimally pretreated patients with a good performance status. The results showed that at doses of 0.75/75 mg/m 2 , with and with-out granulocyte colony-stimulating factor, the TPT/cisplatin combination resulted in dose-limiting neutropenia in all of the patients treated with the sequence of cisplatin before TPT while the sequence of cisplatin after TPT was better tolerated. Based on their pharmacokinetic study showing that the AUC of TPT following treatment with cisplatin was substantially higher on day 5 than on day 1, the authors suggested that, in patients receiving cisplatin prior to TPT, cisplatin-related subclinical tubular toxicity may reduce the renal clearance of TPT. The reason for the disparity in recommended doses between our study and those published by Millers [18] and Rowinsky [26] remains unclear. Based on the possible pharmacokinetic interaction between cisplatin and TPT, it is possible that the fixed dose of 75 mg/m 2 cisplatin selected in our study may account, at least in part, for the toxicity of this regimen and, therefore, that lower doses of cisplatin may lead to a better toxicologic profile. However, when the study was initiated, animal studies suggested that TPT and cisplatin could be administered at doses close to their individual MTD and did not presume increased myelotoxicity. Although evaluation of activity was not the aim of this study, it should be pointed out that this TPT-cisplatin combination led to objective responses in our population of patients with previously untreated non-small-cell lung cancers.
In conclusion, our results and those of previous phase I studies have shown that neutropenia is the DLT of the combination of daily TPT for five days with cisplatin on day 1. This study suggests that, for future phase II studies with this schedule in routine patient population, many of which have poor performance status and are pretreated, the recommended dose for TPT would range below 0.6 mg/m 2 . Recent pharmacokinetic analyses show that the sequence of drug administration is crucial for toxicity. Although the sequence of cisplatin before TPT has been selected based on some preclinical studies showing maximal synergistic effects with this sequence, the dose-limiting myelosuppression observed in this clinical trial and the recent understanding of the pharmacokinetic interaction between those drugs may encourage the investigation of the alternate sequence of cisplatin after TPT in phase II studies.
